Studies on radiation pressure in acoustics and optics have enriched one another and have a long common history. Acoustic radiation pressure is used for metrology, levitation, particle trapping and actuation. However, the dexterity and selectivity of single-beam optical tweezers are still to be matched with acoustical devices. Optical tweezers can trap, move and positioned micron size particles, biological samples or even atoms with subnanometer accuracy in three dimensions. One limitation of optical tweezers is the weak force that can be applied without thermal damage due to optical absorption. Acoustical tweezers overcome this limitation since the radiation pressure scales as the field intensity divided by the speed of propagation of the wave. However, the feasibility of single beam acoustical tweezers was demonstrated only recently. In this paper, we propose a historical review of the strong similarities but also the specificities of acoustical and optical radiation pressures, from the expression of the force to the development of single-beam acoustical tweezers.
Introduction 1
Radiation pressure is a mean force exerted by a wave that, in many situ-2 ations, pushes an interface or a particle in the direction of propagation of the pseudo-momentum [9] , [10] . Another difficulty, mostly in acoustics, comes 48 from the different sources of nonlinearities (nonlinear terms appear both in to act on particles carried by the flow, it is called acoustophoresis [15, 16] .
69
Even if 3D manipulations are possible, these kinds of devices do not allow 70 a selective control of a single particle [17, 18] [19] . This transverse force is now known as gradient force. The 82 second step was proposed in the same paper [19] . In order to make an axial 83 trap, Ashkin proposed to use a second laser sending a beam, whose prop-84 agation direction is opposed to the first one. Hence, the lateral forces are 85 added while the axial ones subtract and do not engender an axial expelling. Note that, the size of the sphere is overstated to be visible time another experimental demonstration was published [28] . The scheme 118 are very similar, based on the same previous results, used the same kind of 119 fields and the same kind of particles, polystyrene spheres. The main differ-120 ence is that, the trapping is carried in air. Thus the buoyancy force is quite 121 weak and the weight of the particle precludes any direct demonstration of 122 the axial pulling force.
123
The goal of this paper is to give the key concepts which make optical and 124 acoustical tweezers fascinating devices able to control one particle remotely.
125
Therefore, the radiation pressure due to EM or acoustical waves is presented 126 in section 1. Special attention is paid to the derivation of Maxwell's stress 127 tensor and its analogous Brillouin's stress tensor. These two tensors show 128 that even though the radiation pressure is a nonlinear effect, it can be com-129 puted from the first order wave fields both in optics and acoustics. Therefore,
130
solving the canonical problem of a sphere illuminated by an arbitrary shaped 131 incident beam is mandatory. This is done thanks to the Generalized Lorenz- of free charges, P mech , is related to the forces applied, i.e the Lorentz force: 
with
In these equations, c is the speed of light in vacuum, c n the phase velocity 161 of light in the medium of index n. to translation of spatial coordinates [9] .
173
The radiation pressure is a mean force, the next step is to take the time is equal to the integral of the stress tensor on the surface of the particle, Σ:
where n is the unit vector normal to the surface element of the particle and 181 pointing outward.
182
However using the conservation of the flux of pseudo-momentum, Eq. 5,
183
and the theorem of divergence, the integral can be performed on any closed 184 surface, S R , outside the particle.
One last remark, the definition of M i,j , Eq. In optics we have obtained a stress tensor, the Maxwell stress tensor, and is at least of second order:
and the radiation pressure is the mean component of this force
To get an expression more tractable and make an analogy with optical ra- 
where ρ is the specific mass and v the particle velocity. This equation can be 
2.2.
Using the divergence theorem, we get:
n is outward-pointing with respect to V (t) and hence is the opposite of n as step is the Reynolds transport theorem:
Using this theorem, the continuity relation can be rewritten:
We can now take the average in time and as in the optical case use the fact 219 that the mean of a time derivative cancels:
This expression is already comparable to the optical case, Eq. 7, the minus 221 sign comes from the tensor used in acoustics, the flux of momentum, rather 222 than a stress tensor. The radiation pressure is the integral of the flux of mo-223 mentum on a closed surface that delineates a volume containing the particle.
224
To get this we needed to take into account the first specificity of acoustics :
225 the surface of the object is vibrating due to the presence of the acoustic field.
226
Since the radiation pressure is a second order effect, this vibration, while of 227 weak amplitude, is not negligible. The second specificity is that we don't 228 directly get a quadratic expression of the linear fields. To proceed further,
229
we need to perform a perturbative decomposition of the fields up to second 230 order. Assuming no flow at rest, this yields at second order: 
10
where c a is the speed of sound in the medium. 
As for Maxwell's tensor, there is an isotropic term analog to a pressure and a 247 tensorial term. However, the isotropic term is not the energy per unit volume 248 yet. To ease the comparison with the optical case this last expression can be 249 rewritten:
The two tensors B and M can now be compared. An acoustic wave is an oscillation of particles and no net flux is expected.
265
Indeed, the momentum is
If we take the time average, we get:
So the mean mass flux is null if : 
So while the total momentum is null, there is a finite pseudo-momentum we will see that the radiation pressure is related to this pseudo-momentum. 
284
The flux of momentum is :
For this simple case, the radiation pressure is equal to the energy density, We consider a plane wave propagation along z and hence E = (E, 0, 0) 291 and B = (0, B, 0). The Maxwell stress tensor is:
The component of the flux of pseudo-momentum along the direction of prop-293 agation, z is :
The optical case is identical to the acoustical case but the mean of the
295
Minkowski pseudo-momentum replaces the mean of the acoustic pseudo- 
where k = ω/c 0 is the wave number in the liquid and
2 is the bulk elasticity of the material in the fluid and 
429
The final expression of the force for a small elastic sphere in an inviscid fluid 430 reads:
and denote the real and imaginary parts of these complex fields and * 432 stands for a complex conjugations.
433
The first two terms in Eq.(34) stand for an acoustic gradient force. The Gorkov's result to account for the scattering force of an arbitrary wavefield.
447
A similar result was obtained elsewhere [54] .
448
It is known that a very slight viscosity in the fluid suffices to drastically 449 increase the magnitude of the scattering term of the force [62] . It is worth 
471
• The gradient force is related to the energy density of the incident fields 472 at the sphere center and the real part of the scattering coefficient.
473
• The scattering force is weaker and related to the imaginary part of the 474 scattering coefficient. In both cases there is a term proportional to the 475 mean of the Poynting vector.
476
There are of course differences due to polarizations. Fig.3c) ).
544
The control achieved in creating tightly focused vortex beams led us to that at this scale that gravity plays a major role and remark the significant 555 effect of acoustic streaming pushing the particle away from the focus.
556
It was decided to demonstrate that the negative gradient force was so 557 large that it dominated the axial stability in a vertical configuration. The ing the beam, the tweezers can accurately select the particle to be trapped.
564
Other particles can be slightly affected but will not collect in the the focal 565 volume.
566
Figure 5: Photograph of a 340µm diameter polystyrene sphere trapped in vertical acoustical tweezers. The trapped particle was selected among others that were lying on a thin polyethylene film. Adapted from [27] 5. Conclusion
567
The radiation pressures exerted by sound or light have many similar fea- 
586
A recent review offers an extensive survey of various developed devices [100] .
587
The development of single-beam acoustical tweezers had been impaired by 588 two main difficulties: the lack of a complete theoretical model able to predict 
593
The thermal damage, or "opticution", limit optical tweezers to applica- 
